Abstract: Doctor-patient relationship is mostly build on effective communication which plays an important role in delivering proper health care. Doctors have the duty to provide appropriate and sufficient information to the patient, concerning his medical condition and the available treatment options. The breakdown between doctor-patient relationship is the cause of majority of patients' complaints and aversions. Using customized 3D printed models for each patient and having the conversation and the explanations needed, based on the palpable particularities of the patient's medical condition, helps towards a more efficient communication and a better understanding of the ailment and the treatment's outcomes, thus reducing patients' insecurities to the medical act, preventing complaints, dissatisfaction and malpractice accusations.
INTRODUCTION
The therapeutic doctor-patient relationship is mostly build on effective communication, which plays an important role in delivering proper health care [1] . The main objective of doctor-patient communication is to improve the development of better therapeutic solutions, this way improving patient's health and the general medical care. A patient who fully understands his condition and the required surgical treatment and it's risks, becomes more compliant, thus leading to better outcomes. Doctor-patient communication has the goals to create good interpersonal relationships, to enable the exchange of information and also to include the patient in discussions concerning the therapeutic stage [2, 3] . Studies have shown that a proper relationship between the two, improves patient satisfaction with medical experience, lowers patient's psychological stress and increases the trust in medical care providers [4] .
The breakdown between doctor-patient relationship is the cause of the majority of patient complaints and aversions [1] . Poor communication and improper attitude between the doctor and the patient are the most frequent causes of malpractice litigation, complaints against doctors and decrease in patients' compliance to treatment [5, 6] . Strategies to strengthen communication are to be taken into consideration, in order to prevent complaints, dissatisfaction and malpractice accusations [2] . Doctors have the duty to provide proper and sufficient information to the patient, concerning his medical condition and the available treatment options. This might help the patient make better informed choices. The doctor who performs the procedure has the responsibility to ensure that the proper informed consent was obtained, as it is him who could be held responsible in law [7] . Usually, patients sue doctors because of the feeling that they are not heard, that their needs are not properly cared about, this resulting in a poor outcome due to neglect or mistake. "The best way to handle medico-legal issues is by preventing them" [6] .
Medical 3D printing is rapidly expanding it's applications, that include tissue and organ fabrication, customized prosthetics, implant, anatomical models and replicas of the area of inter-est [8, 9] , that can help the physician to better understand the pathology, to develop an improved therapeutic plan and last but not least to provide the patient with a superior description of his condition and the treatment options.
Nowadays, with a 3D software and a 3D printer it is possible to convert medical image data (MRI, CT) in 3D models. Doctors can use 3D printed models to recreate patient's injured areas, and to easily explain to the patient their medical status.
METHODS
In order to improve the patient-doctor relationship, doctors have to provide sufficient information to the patient and/or his tutors, concerning the medical condition and the treatment options.
In our department, we produced 3D printed models of scoliotic spines for 5 patients who suffered from severe deformities. In the process of making a 3D printed model we start from analysing a 2D CT image of the spine. First we "extract" the bone geometry from the targeted DI-COM files (Digital Imaging and Communication in Medicine) provided by CT, then a graphic pattern based on the geometry of the virtual target is obtained and processed in a specific 3D printing software, setting the model characteristics. In our current practice we used Layer Height 0.25 mm, Wall Thickness 0.80 mm, Fill Density 18%, Speed Print 50 mm/s, Speed Travel 150 mm/s, Speed Infill 85 mm/s. In the last stage of production the processed graphic 3D model is sent to the printer and the printing may begin. In the selected cases of complex deformities, we usually split the printing model into three or four sections, which are assembled secondarily, in order to decrease the production time.
We proceed by showing the printed replica to the patient and the parents, describing the diagnosis, analysing the complexity of the deformity, explaining the alternated anatomy and the aims of the surgical treatment that is needed for the condition. On the 3D model, we could show the curvatures of the spine, the limits of the curvatures, the possible levels of instrumentation, the pedicle screws entry points, a better view of the surgical risks and the undesirable complications that might occur during the surgery. Afterwards, we check their understanding by asking the parents to explain it back, using the 3D model, as seen in Figure 1 .
This way, at the phase of signing the informed consent the patients have a wider understanding of their medical condition, of the available treatment possibilities and outcomes and the risks and complications that they might be exposed to, through the surgery.
DISCUSSION
The boundaries of a good doctor-patient communication include patients' fear and anxiety, doctor's responsibility of work, fear of prosecution, concern of verbal or even physical abuse; sadly patients' expectations concerning the treatment and it's results are often unrealistic [1] .
Several papers have concluded that the predominant reasons that cause patients to file a lawsuit included the desire to keep the bad incident from happening again, the need for an ex-planation of what happened and why, longing for financial compensation and the wish to hold doctors culpable for their actions. The major motif in these studies' conclusions was a disruption in the patient-doctor relationship, usually manifested as insufficient communication between the two [5] .
According to numerous studies there is a correlation between patients' feeling of control and their ability to tolerate pain, rehabilitate from ailments, lower tumour growth and the ability to perform daily activities [1, [10] [11] [12] .
For improving the doctor-patient relationship, the physician must develop better communication skills through training and introduce a collaborative communication method involving the 2-way exchange of information between doctor and patient, thus managing or avoiding potential conflicts [1] . In order to obtain this, doctors must find strategies to better explain the medical condition to the patient.
3D printing is a fabrication method, that uses different types of materials, including plastic, metal, ceramics, even living cells layers. The manufacturing method consists in the fusion and depositing of these materials to produce a 3D object [8] . The 3D printer uses two-dimensional (2D) medical image data, such as x-rays, MRI images, CT-scans, that are converted to a digital 3D graphic model, using a specialized software, thus creating customized anatomical structures. Using this product, the health provider and the patient have a palpable customized 3D model, based on the patient's anatomy and medical condition, which might provide a better understanding of the disease [8] .
Scoliosis is a complex pathology that associates rotation and lateral deviation of the vertebrae, leading to severe deformation of the spine [13, 14] . In severe cases, the only treatment option is surgical correction with fusion [14] . We used the 3D printed replicas of the spines to better understand the deformity, to make an improved preoperative planning, to determine the instrumentation levels, to choose more appropriate medical implants, screws and rods [15] [16] [17] and to better explain the patients and their legal tutors the pathology, the complexity of the spine deformity and the surgical intervention, before obtaining the informed consent.
Using customized 3D printed model for each patient and having a conversation and the explanations needed based on the particularities of the patient's medical condition helps a more efficient communication and a better understanding of the ailment and the treatment's out-comes. Also, this way the patient feels included in the decision making concerning his health condition and treatment, leading to an improved compliance and satisfaction for the medical act [18, 19] .
The informed consent that is needed to be taken before each medical procedure, includes an explanation of the patient's status, the possible treatment choices along with their advantages and disadvantages, the consequences of non treatment, and also the risks and complications of each form of therapy [20] . Each step of the informed consent can be better explained and understood by using a touchable object, by materializing an abstract concept.
CONCLUSIONS
Physicians cannot control all the reasons for patients pursuing legal atonement but they are able to determine the quality of their connection with the them, by improving their communication skills and techniques. Law-suits for medical negligence can be lowered or prevented by taking steps to keep patients content, thus making them more compliant to the treatment, adhering to the medical policies and procedures.
Using customized 3D printed model for each patient and having the conversation and the explanations needed based on the palpable particularities of the patient's medical condition, helps to-wards a more efficient communication and a better understanding of the ailment and the treatment's outcomes, thus reducing patients' insecurities to the medical act, preventing complaints, dissatisfaction and the malpractice accusations.
